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Abstract 

The necessity of the impact assessment phase in life-cycle as¬ 
sessment (LCA) is presently debated. The crux of the debate- 
lies in the poor accordance in some I.CA studies between the 
predicted environmental impact and the expected occurrence 
of actual environmental impact. That is in particular the case 
for impacts of a continental, regional and local character. We 
consider an impact assessment as being an indispensable phase 
of LCA, and see options for solving the identified problem. 
This article takes a closer look into the nature of the assessed 
impact in LCA in order to provide the basis for enhancement 
of life-cycle impact assessment. LCA is one of the analytical 
tools to support environmental policy focused on the control 
of present environmental problems. Nowadays, environmen¬ 
tal problems are caused by concentration levels that result from 
the emissions of many sources together, rather than from sin¬ 
gle sources alone. The contribution from a single source is usu¬ 
ally small or even marginal in comparison with the total con¬ 
tribution from all sources together. The multiple source 
character of the related impact categories provides the justifi¬ 
cation for the linear nature of the assessed impact in LCA. An 
article in the next issue of this journal will build further on this 
article, and will discuss the inclusion of temporal and spatial 
aspects (by a site-dependent approach) in order to enhance the 
accordance between the predicted environmental impact and 
the expected occurrence of actual environmental impact. 

Keywords: Actual environmental impact; emissions, life-cycle 
impact assessment; environmental impact, multiple sources; en¬ 
vironmental impact, predicted; environmental impact; life-cy¬ 
cle impact assessment; site-dependent approach, life-cycle im¬ 
pact assessment; spatial differentiation, life-cycle impact 
assessment 


1 Introduction 

The concept of life-cycle assessment (LCA) originates from 
energy analysis in the late sixties and early seventies. Later 
on, this analysis methodology is broadened to take into 
account resource requirements, waste production and emis¬ 
sions. In present LCA, the identification and quantification 
of energy and material consumption, and waste production 
and emissions (all together also referred to as environmen¬ 
tal interventions), is covered by the inventory phase (Con- 
souetal., 1993; Weidkma, 1993). 

It has only recently become common practice to interpret 
the environmental interventions from the inventory into their 
potential to contribute to environmental impact (Con- 
sou et al., 1993; Weidema, 1993). The classification and 
characterisation of the impact potential from the inventory 
data takes place in the impact assessment phase of LCA 
(Consoli et al., 1993;Udode HAEsetal., 1996). There is an 
ongoing discussion as to whether an impact assessment 
should be a part of LCA. The crux of the debate lies in the 
limited accordance between the impact predicted by life- 
cycle impact assessment and the expected occurrence of 
actual impact. (Daalmans, 1995; Klopffer, 1996; Perri- 
man, 1995; White et al., 1995). 

The spotted lack of accordance seriously affects the cred¬ 
ibility of LCA. It may cause the wrong products to be taken 
from the market or the wrong processes within the prod¬ 
ucts life-cycle to be selected for improvement. Enhancement 
of the impact assessment phase is therefore of vital impor¬ 
tance for the credibility of LCA. 
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The aim of this article is to come to a better understanding 
of the nature of the assessed impacts in LCA, and therewith 
provide the basis for enhancement of the impact assessment 
phase in LCA. An article in the next issue of this journal 
will discuss the inclusion of temporal and spatial aspects in 
LCA (by a site-dependent approach) in order to enhance 
the accordance between the predicted environmental impact 
and the expected occurrence of actual environmental impact. 

Section 2 gives a brief overview of the debate about the 
necessity of the impact assessment phase in LCA. Some gen¬ 
eral features of the relationships between emissions and en¬ 
vironmental impact are introduced in Section 3. Section 4 up 
to and including Section 7 describe the nature of the assess¬ 
ed impact within LCA. Section 8 draws some main conclu¬ 
sions, while Section 9 provides an outlook to the article in 
the next issue of the Journal of Life-Cycle Assessment. 

2 Necessity of the Impact Assessment Phase 

Many practitioners consider impact assessment to be a nec¬ 
essary part of LCA since the inventory data alone is usually 
not sufficient for environmental decision support. A long 
list of interventions is difficult to understand without ex¬ 
plicit interpretation in relation to environmental problems 
and it is therefore often impossible to evaluate the results 
of life-cycle improvements based on an inventory alone 
(Uno de Haks et al., 1996). Moreover, lack of an explicit 
impact assessment leads to an implicit one. Lirher the same 
weights are given to each intervention, or some interven¬ 
tions are qualitatively given more weight than others 
(Jou.ikt et al., 1996; Wenzel et al., 1997). 

Some additional arguments in favour of life-cycle impact 
assessment are given by Kloitier (1996). His most obvi¬ 
ous, and maybe the most important one refers to the defini¬ 
tion of LCA as a tool which explicitly aims to address envi¬ 
ronmental impact (Consoi.i et al., 1993). Impact assessment 
is then of course an inevitable phase in LCA. 

KlOpfker (1996) also summarises arguments in favour of 
restricting LCA to inventory analysis. Inventory methodol¬ 
ogy is fairly well developed, and energy and material flows 
can be established with high accuracy. The large uncertain¬ 
ties in the inventory of emissions (which are the basis of 
most life-cycle impact assessments), however, do not justify 
a subsequent impact assessment in which also new uncer¬ 
tainties are introduced. Furthermore, in contrast to impact 
assessment, a well performed inventory analysis can stand 
alone and may be used as such for improvements in some 
exceptional cases. 

The main problem with life-cycle impact assessment con¬ 
sists in the absence of true relationships between interven¬ 
tions and environmental effects. The interventions estab¬ 
lished in the inventory analysis are expressed in amounts 
per functional unit and in principle, nothing is known about 
the source-strength and variation over time of the exam¬ 
ined processes. Due to this lack of differentiation which is 
inherent to LCA, no environmental concentration can be 


predicted and, as a consequence, it does not seem possible 
to evaluate whether a no-effect level is surpassed. There¬ 
fore, there may be only little accordance between the im¬ 
pact predicted by life-cycle impact assessment and the ex¬ 
pected occurrence of actual impact. Some clear examples 
of this are provided by Schmidt et al. (1996), Giegriech 
(1996), Potting and Blok (1994 and 1995), Owen 
and Rhodes (1995). 

Deliberating the pro's and con's, it is our opinion that LCA 
without an impact assessment phase is not an LCA. How¬ 
ever, the credibility of the results from impact assessment 
may be seriously affected by the problems outlined above. 
We see options for solving this problem. Before sketching 
the direction that may be taken, however, it is necessary to 
present some general features of life-cycle impact assess¬ 
ment and discuss in more detail the cause/effect relation¬ 
ships between emissions and environmental impact. Based 
on this, the possibilities and limitations for an enhanced 
life-cycle impact assessment can be specified. 

3 Cause/Effect Relationships between Emissions 
and Environmental Impact 

A compound may have the intrinsic ability of bringing about 
one or more types of environmental impact. This intrinsic 
property depends on the specific physical, chemical and bio¬ 
logical (toxicological) properties of the compound in rela¬ 
tion to the properties needed to evoke the type of impact 
considered. A general model for the way in which this po¬ 
tential may lead to an actual impact is represented in Fig¬ 
ure 1. If a compound does not have the relevant properties 
with regard to a specific impact category, it can be left aside. 
That is the type of decision which is made in classification. 

The emission of a compound to the environment may have 
different forms. It can take place into the air, water or soil. 
The quantity of compound emitted will be something be¬ 
tween very large and very small. This quantity can be emit¬ 
ted instantaneously, repeatedly with a certain frequency or 
continuously. 

When emitted, a compound is distributed in the environ¬ 
ment. The distribution can be restricted to one environmen¬ 
tal compartment, although dependent on the properties of 
the compound and those of the specific environment, parti¬ 
tioning between compartments can also take place. Because 
of a dispersion within one compartment, most emissions 
will be diluted to some degree. In some cases, however, accu¬ 
mulation takes place because of bioaccumulation, or physical 
and chemical processes like sedimentation and deposition. 
The compound may be immobilised through irreversible 
binding or very strong adsorption. Furthermore, it may be 
removed from the environment to some extent by way of 
chemical or biological degradation. 

The distribution processes that occur, are dependent on the 
properties of the compound, the emission characteristics 
and the characteristics of the compartment (air, water or 
soil) to which the emission takes place. As a result of distri- 
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Causality chain 



Descriptors 

Chemical, physical, biological (toxicological) properties 


Quantity, time/frequency, initial compartment (air, water, soil) 
location, source type 


Partitioning betwenn compartments, dilution, immobilisation, 
removal/degradation 


Environmental concentration increase, background level 


Sensitivity of the system, intra-species sensitivity, 
concentration/effect curve, no-effect concentration, 
critical lood, critical concentration 


Type and magnitude of impoct 


Fig. 1: General cause/effect chain for the environmental impact of an emitted compound (Jac;i-:r et al., 1994) 


bution, there may be a certain amount of the compound at 
a specific time and specific place in the receiving environ¬ 
ment. Some amount of the compound is often already present 
(background concentration), independent of the increasing 
concentration from the considered emission. The resulting 
environmental concentration is then the combined result of 
the concentration increase and the background concentration. 
When it is present in the receiving environment at the same 
time and place, a target system can be exposed to the com¬ 
pound (e.g. through surface contact, inhalation or ingestion). 

The exposure to a compound may affect the target system. 
The occurrence of a particular type of environmental im¬ 
pact is dependent on the sensitivity of the target system, the 
intrinsic properties of the compound and the size of the 
exposure. For some impact categories (like the increased 
radiative forcing in global warming), the size of the impact 
is proportional to the size of the exposure. Most other im¬ 
pact categories (like toxicity or acidification) only occur when 
the size of the exposure exceeds a certain no-effect level. 

The relation between the amount of compound emitted and 
the size of its environmental impact is the overall result of 
the relations within each link of the causality chain. In life- 
cycle impact assessment, the focus is mainly on this net re¬ 
sult. It is the aim of characterisation to assess and quantify 
this net result from the inventory data (Consoli et al., 1993; 
Fava et al., 1993; Udo de Haes et al., 1996). 

Characterisation should be based on knowledge about the 
environmental processes between emission and impact, and 


therefore take into account experience and knowledge de¬ 
veloped in related scientific fields like environmental im¬ 
pact assessment (EIA) and hazard and risk assessment (RA) 
(Consou et al.; 1993; Fava et al., 1993). An important ques¬ 
tion regards the nature of the impact that can be assessed in 
LCA. This question is addressed in the following sections. 

4 Predicted Impact and Expected Occurrence of 
Actual Impact 

The interventions established in life-cycle inventory analy¬ 
sis are expressed in amounts per functional unit, and the 
source-strength and time-pattern of the examined processes 
are in principle unknown. Due to this lack of differentia¬ 
tion, the environmental concentration related to the entire 
product output from a process cannot be predicted. As a 
consequence, it does not seem possible to evaluate whether 
a no-effect level is surpassed. There may therefore be little 
accordance between the impact predicted by current life- 
cycle impact assessment and the expected occurrence of 
actual impact (White et al., 1995). 

The lack of accordance between predicted impact and the 
expected occurrence of actual impact was defended by Hei- 
jungs et al. (1992) by stating that" ...LCA is not concerned 
with the degree to which a NOEC is actually exceeded, but 
with the degree to which it is potentially filled up...". A 
foundation for this statement is given by Udo de Haes et 
al. (1996), "...LCA is primarily a tool for resource conser- 


Int. J. LCA 2 (3) 1997 


173 







Predicted and Expected Actual Impact 


LCA Methodology 


vation and pollution prevention". For this reason "...all 
emissions are regarded as relevant on the basis of their in¬ 
trinsic hazard characteristics, whether above or below the 
NOEC threshold..." (White et al., 1995). This approach is 
known as the "less is better" approach within LCA circles. 

As already mentioned in Section 1, the "less is better" ap¬ 
proach is strongly debated, precisely because of the lack of 
accordance between predicted impact and the expected oc¬ 
currence of actual impact. Therefore, some people believe 
that LCA should be restricted to inventory analysis, while 
others has come with suggestions for an enhanced impact 
assessment. 

One of the most radical suggestions for an enhanced im¬ 
pact assessment is put forward by Whiti: et al. (1995), and 
is known as the "above threshold" approach. The "above 
threshold" approach uses the inventory data to identify rhe 
processes with the largest emissions. For these emissions, 
concentration and related exposure levels, and surpassing 
of thresholds (like no-effect levels) are predicted with the 
help of additional site-information and tools like risk as¬ 
sessment and environmental impact assessment. The emis¬ 
sion is taken into account only if a threshold is surpassed. 
An elaborated methodology according to this approach has 
been presented by Hixian et al. (1996). 

The usefulness of the "above threshold" approach is ac¬ 
knowledged and seen as being conceptually related by the 
SF.TAC-Europe Workgroup on Life-cycle Impact Assess¬ 
ment, but it also regarded as not being applicable within a 
regular LCA due to the extensive need of additional data 
that are generally nor accessible. Besides practical limita¬ 
tions, the problem to link the exceeding of thresholds in a 
quantitative way to a functional unit is mentioned ns a more 
fundamental reason for the inapplicability of this approach 
in LCA (Uoo ok Hafs et al., 1996; Whitf et al., 1995). We 
believe that the "above threshold" approach can provide 
important information additional to LCA, but that the value 
within regular LCA as such is indeed limited. At the same 
time, however, the complete disregard of thresholds as in 
the "less is better" approach is seen as not being justified 
and moreover unnecessary. 

A third track is possible between both approaches. The ex¬ 
planation of this requires a short excursion into the history 
of environmental policy. 


5 Product Oriented Environmental Policy 

In the course of the sixties it became clear that the waste 
and emissions from our modern way of consumption and 
production lead to severe environmental problems. Since 
then, in most industrialised countries, an extensive envi¬ 
ronmental policy has been developed to bring the most ur¬ 
gent situations under control and to prevent similar situa¬ 
tions in the future. Initially, the attention was primarily 


directed on regulating single activities on given locations 
(like factories). Environmental policy now covers an exten¬ 
sive body of policy instruments like licenses, levies and sub¬ 
sidies, and anti-pollution taxes. Location specific analyti¬ 
cal tools like risk assessment and environmental impact 
assessment were developed to support decision-making by 
governmental bodies as well as by industry (NEPP, 1989; 
Wenzel et al., 1997). 

This type of policy, also referred to as process oriented en¬ 
vironmental policy, nowadays has a sound position in the 
industrialised countries with an advanced level of environ¬ 
mental policy and control. It has created a situation (1) in 
which risky local situations created by one single source 
are in principle prevented, and (2) where total emissions 
from all single sources together have on average been re¬ 
duced substantially. Despite these remarkable changes, how¬ 
ever, environmental problems have unfortunately not dis¬ 
appeared. Other environmental problems like acidification 
and ozone depletion have come into the picture (Lanc.e- 
wk<; et al., 1989; NEPP, 1989; Wenzel et al., 1997). These 
problems have a different nature than rhe ones in the local 
area of a single sources. 

It has become evident that compounds with long residence 
times may be transported over fairly long distances before 
they arrive at the environment where they have their im¬ 
pact. Emission distribution and the related concentration 
and exposure increase in the receiving areas therefore have 
to be considered on a geographical scale larger than the 
local one in order to cover most of the impact from a single 
source. In addition, the dramatic increase of product manu¬ 
facturing and consumption has resulted in a more disperse 
distribution of sources and subsequent dispersion of emis¬ 
sions (Bkrdowski et al., 1995; Lancihwhc; et al., 1989; 
NEPP, 1989; PPE, 1994; Wenzel et al., 1997). 

Receiving areas related to single sources overlap largely. 
Nowadays, the concentration level in the receiving envi¬ 
ronment is the result from many sources together rather 
than from a single source alone. Actually, the contribution 
from a single source is usually small or even marginal in 
comparison with the total pollution level from all sources 
together. The process oriented environmental policy appears 
to be rather ineffective in curbing the environmental prob¬ 
lems from concentration levels with such a multiple source 
character (PPE, 1994). 

In the search for a more effective way to approach this is¬ 
sue, insight grew that all pollution can be traced back to 
the production, use and disposal of products. From this point 
of view, pollution prevention can be achieved in roughly 
two ways: (1) By stimulating environmental friendly prod¬ 
ucts at the expense of less benign alternatives, (2) by optimis¬ 
ing within the life-cycle of a specific product. Policy with 
this aim is referred to as product oriented environment 
policy. Several countries have started to develop such a policy 
(NEPP, 1989; PPE, 1994; Wenzel etal., 1997). LCA can be 
seen as one of the main analytical tools to support such 
decision-making. 
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6 Regional, Continental and Global Impact 
Categories 

The previous section already gave account of the character 
of today's environmental problems: The concentration level 
in the receiving environment is nowadays the result from 
many sources together rather than from a single source 
alone. A single source has only a small or even marginal 
share in the full contribution from multiple sources. Fur¬ 
thermore, emission distribution and the related concentra¬ 
tion and exposure increase in the receiving areas has to be 
considered on a geographical scale larger than the local one 
in order to cover most of the impact from a single source. 
The main impact categories of concern are tropospheric 
ozone creation, eutrophication, acidification, stratospheric 
ozone depletion, increased radiative forcing in global warm¬ 
ing and toxicity from compounds with a long residence time. 

The multiple source character of today's environmental 
pollution suggests that not any single source will be able to 
lift the concentration in the receiving environment by itself 
from a situation below the no-effect level to a situation 
where the no-effect level is surpassed and the emission leads 
to a strong increase of impact, or from there to a situation 
where the no-effect level is substantially exceeded and the 
emission hardly contributes any more to an increase of im¬ 
pact (see Line A in Fig. 2). Therefore, all emissions are rel¬ 
evant for pollution prevention, whether above or below a 
no-effect level. Nevertheless, a product oriented environ¬ 


mental policy would also preferably give higher priority to 
pollution prevention in problem areas (Section A III in 
Fig. 2) and potential problem areas (Section II of Line A in 
Fig. 2) than in non-problem areas (Section I of Line A in 
Fig. 2). LCA should therefore preferably provide sufficient 
information to allow such a differentiation. That is why 
thresholds cannot be fully disregarded in LCA. 

Existing characterisation modelling in LCA impact assess¬ 
ment most often takes the form of equivalency assessment. 
In equivalency assessment, the emitted amount of a given 
compound is multiplied with a factor that relates this emis¬ 
sion to the amount of a reference compound with an equiva¬ 
lent impact. Equivalency assessment assumes a linear rela¬ 
tion between the amount of an emitted compound and its 
resulting impact. 

In general, concentration levels (or better its resulting ex¬ 
posure or dose) are not linearly related to its resulting im¬ 
pact, but this relation will typically reflect a sigmoid curve. 
The impact size from a concentration increase is then given 
by the movement on the concentration/effect curve from 
the situation without, to the situation with an increased 
concentration. The impact size per unit of concentration 
increase may be put on a par with the slope of the concentra¬ 
tion/effect curve and thus be taken as linear, as long as the 
concentration increase is marginal compared to the "back¬ 
ground concentration". This holds true where the " background 
concentration", that is the situation without concentration 
increase, reflects the total environmental concentration from 


Effect 



Fig. 2: Line A represents the shape of a regular concentration/effect curve in which three situations can be distinguished: (I) The 
environmental concentration section below the no-effect level, (II) the environmental concentration section at which the no-effect level is 
surpassed and where the emission leads to a strong increase of impact, and (III) the environmental concentration section where the no¬ 
effect level is substantially exceeded and the impact is so strong that the emission hardly contributes to any further increase. Line B 
represents the common situation in LCA practice where one linear relationship between emission and impact is assumed and thus for all 
problem situations the same proportionality or equivalency factor is used 
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many sources together to which the full emission of a single 
source only contributes marginally. 

If the full emission from a single source can be regarded as 
marginal, the same inherently holds true for the emission 
related to one product unit. 

7 Local Impact Categories 

The multiple source character of today's environmental 
pollution, and the assumed marginality of the contribution 
from a single source holds on average true for impact cat¬ 
egories of regional and higher scale. However, the situation 
is somewhat different for impact categories for which emis¬ 
sion distribution has to be considered on a local scale in 
order to catch most of the impact from that single source. 
Here the emission from that single source often contributes 
considerably to the concentration level in the receiving en¬ 
vironment and the source can therefore not be regarded as 
marginal. 

It was local environmental problems that initiated the ex¬ 
tensive body of process oriented environmental policy. For 
the purpose of impact assessment in LCA, it therefore seems 
fair to assume that environmental concentration levels re¬ 
sulting from one single source generally remains below the 
no-effect level (section I of Line A in Fig. 2) due to the proc¬ 
ess oriented policy measures. At least this is expected to be 
the case for the most developed countries. The first section 
of the sigmoid concentration/effect curve may defensibly 
be taken as linear. Therefore, the increase in local impact can 
be regarded as linear with the environmental concentration 
and exposure increase in the same way as for regional, conti¬ 
nental and global impacts. However, there are three excep¬ 
tions from this assumption of linearity for local impacts. 

The first exception concerns the zone very closely surround¬ 
ing the discharge point where an excess of the no-effect 
level (Section II and III of Line A in Fig. 2) may still occur. 
In environmental regulation, the exceeding of the no-effect 
level is accepted within a certain defined dilution zone. This 
zone is in general situated at, or immediately surrounding 
the domain of the releasing industry, and might thus be con¬ 
sidered a part of the technosphere rather than the ecosphere. 
It can therefore be argued that LCA can disregard this ex¬ 
ception from the marginality assumption in characterisa¬ 
tion modelling. 

The second exception from the assumption of linearity for 
local impacts concerns human and ecological exposure to 
toxic compounds at levels above the no-effect level. Such 
exposure may occur in situations where the background 
concentration is already close to or above the no-effect level 
and the additional contribution from an individual source 
leads to a shift from one problem situation to the next. 
That individual source, although contributing to local im¬ 
pact, can defensibly be regarded as contributing to a con¬ 
centration level with a multiple source character as well. 
That is, because other sources are equally responsible for 
the shift from one problem situation to the other. There¬ 


fore, that individual source can be treated as connected to 
one problem situation alone (either Section II or III of Line A 
in Fig. 2). 

The third situation where a no-effect level may be exceeded 
for human beings are the exposure of consumers during the 
products use stage and exposure of workers in processes of 
different life-cycle stages. Exposures related to these situa¬ 
tions often have an acute character (relatively strong expo¬ 
sure of a short duration) and the occurrence of effects is 
highly dependent on the duration of the exposure. Expo¬ 
sures with an acute character are typical for the indoor and 
the working environment. It is questioned by LCA experts 
whether these exposures should be part of LCA. This issue 
is not yet thoroughly discussed and it therefore seems to be 
inappropriate to draw conclusions here. However, several 
methods are in the making to assess occupational health in 
a life-cycle framework (Potting et a!., 1997; Wenzki. et al., 
1997). 

8 Conclusions 

The lack of accordance that exists between the predicted 
environmental impacts by life-cycle impact assessment and 
the expected occurrence of actual impact seriously affects 
the credibility of LCA. It is our strong belief that these prob¬ 
lems can be overcome as soon as we accept and have a clear 
understanding of the nature of the assessed impact in LCA 
in relation to the specific application domain of LCA: The 
effective controlling of environmental problems caused by 
concentration levels that are the result from many sources 
together rather than from single sources alone. 

The impact from a concentration increase is given by the 
movement on the concentration/effect curve from the situ¬ 
ation without, to the situation with increased concentra¬ 
tion. The impact size per unit of concentration increase may 
be put on a par with the slope of the concentration/effect 
curve, and thus be taken as linear, as long as the concentra¬ 
tion increase is marginal compared to the "background con¬ 
centration". This holds true where the "background con¬ 
centration", that is the situation without concentration 
increase, reflects the total environmental concentration from 
many sources together to which the full emission of a single 
source only contributes marginally. If the full emission from 
a single source can be regarded as marginal, the same inher¬ 
ently holds true for the emission related to one product unit. 

The marginality assumption is expected to be justified for 
the non-local impact categories: Eutrophication, acidifica¬ 
tion, tropospheric ozone creation, stratospheric ozone de¬ 
pletion, increased radiative forcing in global warming and 
toxicity from compounds with a long residence time. For 
impact categories with a local character, the full emission 
from a single source may often contribute considerably to 
the concentration in the receiving environment. Here, the 
source can therefore not be regarded as marginal, but it 
seems fair to assume that the resulting environmental con¬ 
centrations remain below the no-effect level (section I of 
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Line A in Fig. 2) due to the process oriented policy meas¬ 
ures. The first section of the sigmoid concentration/effect 
curve may therefore defensibly be taken as linear. 

9 Outlook 

Current characterisation models always take the same pro¬ 
portionality for the relationship between the amount of 
compound emitted and its resulting impact. This single pro¬ 
portionality assumes the existence of one standard situa¬ 
tion for each link in the cause/effect chain (—> Fig. 1). The 
concentration increase of a given compound, for instance, 
always leads to the same impact size, independent from its 
position on the concentration/effect curve. For all problem 
situations, the same proportionality (or equivalence factor) 
is used (Line B in Fig. 2). 

The restriction to one standard environment may be rel¬ 
evant for impact categories of a global nature, but is an 
oversimplification for non-global impact categories (see also 
Section 3). For these impact categories, some more differ¬ 
entiation is necessary. A solution is expected in a site-de- 
pendent approach where it is assumed that the relevance of 
life-cycle impact assessment can be enhanced by the inclu¬ 
sion of a few site-parameters in the assessment process. An 
article in the next issue of the International Journal of Life 
Cycle Assessment will discuss the requested levels of detail 
in characterisation modelling in LCA, and next outline the 
site-dependent approach. 

Acknowledgement 

The work for this article was supported by a Training Sc Mobility 
grant from the European Commission, and under the EUREKA 
project LCAGAPS by means of the Danish Agency for Industry 
and Trade. 


10 References 

Berdowski, J.J.M.; R.J.K. van der Auweraf.rt; P.F.J. van der Most; 
C.H. A. Quarles van Ufford; O. Van de Velde; E.A. Zonnevkld: 
Emissions in The Netherlands. Trends, themes and target groups 
1993 and outlooks to 1994. No. 26 of publication series of 
emission registration. The Netherlands, The Hague, Ministry 
of housing, spatial planning and environment, 1995 (in Dutch) 
Consoli, F.; D. Allen; I. Boustead; J. Fava; W. Franklin; A.A. 
Jensen; N. de Oude; R. Parrish; D. Postlethwaite; B. Quay; J. 
SiEguin; B. Vigon (eds.): Guidelines for life-cycle assessment. A 
code of practice. Belgium, Brussels, SETAC-Europe and SETAC- 
USA, 1993 

Daalmans, R.: LCA Excursions along the road to appropriate use. 

LCA-News from SETAC-Europe, vol. 5 (1995), issue 4, pp. 1-2 
Fava J.; F. Consoli; R. Denison; K. Dickson; T. Mohin; B. Vigon 
(eds.): A conceptual framework for life-cycle impact assessment. 
Belgium, Brussels, SETAC-Europe and SETAC-USA, 1993 
Giegrich, J.: Personal communication, Jurgen Giegrich, Institut 
fur Energie- und Umweltforschung, Heidelberg, Germany, 1996 
Heijungs, R.; J. Guinee; G. Huppes; R.M. Lankreijer; H.A. Udo de 
Haes; A. Wegener Sleeswijk; A.M.M. Ansems; P.G. Eggels; R. 
Van Duin; H.P. de Goede: Environmental life cycle assessment 
of products. Guide and background, ISBN 90-5191-064-9. The 


Netherlands, Leiden, Centre of Environmental Science of Leiden 
University, 1992 

Hogan, L.M.; R.T. Beal; R.G. Hunt: Threshold inventory inter¬ 
pretation methodology. A case study of three juice container 
systems. International Journal of Life Cycle Assessment, 
vol. 1 (1996), issue 3, pp.159-167 
Jager, D.T.; C.J.M. Visser (eds.): Uniform system for the evalua¬ 
tion of substances (USES), version 1.1. Distribution no. 11144/ 
150 (in Dutch). The Netherlands, The Hague, Ministry of 
Housing, Spatial Planning and the Environment (VROM), 1994 
Joixiet, O. (ed.); J. Assies; M. Bovy; G. Finnveden; J.B. Guinf.e; M. 
Hauschild; R. Heijungs; P. Hofstetter; J. Potting; H.A. Udo 
de Haes; N. Wrisberg: Impact assessment of human and 
ecotoxicity in life cycle assessment. In: Towards a methodol¬ 
ogy for life-cycle impact assessment. Belgium, Brussels, SETAC- 
Europe, 1996 

Kloitfer, W.: Reductionism versus expansionism in LCA. The 
international journal of life-cycle assessment, vol. 1 (1996), is¬ 
sue 2, p. 61 

Langeweg, F. (ed.): Sorrow for tomorrow. National environmen¬ 
tal outlook 1985-2010. The Netherlands, Bilthoven, National 
Institute of Public Health and Environmental Protection, 1989 
NEPP: National Environmental Policy Plan. To choose or to lose. 

The Netherlands, The Hague, SDU-uitgeverij, 1989 
Owen, J.W.; S.P. Rhodes: Discussion paper on the feasibility of 
developing characterisation models for various impact catego¬ 
ries. Submitted to ISO TC207/WG4 on behalf of the USA del¬ 
egation. May 1995 

Pkrriman, R.J.: Is LCA losing its Way? I.CA-News from SETAC- 
Europe, vol. 5 (1995), issue 1, pp. 4-5 
Potting, J.; K. Blok: Life-cycle assessment of four types of floor 
covering. Journal of cleaner production, vol. 3 (1995), issue 4, 
pp. 201-213 

Potting, J.; K. Blok: Spatial aspects of life-cycle impact assess¬ 
ment. In: Integrating impact assessment into LCA. Proceed¬ 
ings of the LCA symposium held at the fourth SETAC-Europe 
Congress, 11-14 April 1994 at the Free University of Brussels 
in Belgium. Belgium, Brussels, SETAC-Europe, 1994 
Potting, J.; B. Torgius Moi.lf.r; A.A. Jensen: Work environment 
and LCA. LCANET Theme report. The Netherlands, Leiden, 
LCANET, 1997 

PPE: Policy document on products and the environment. The 
Netherlands, The Hague, Dept, for Information and Interna¬ 
tional Relations of the Ministry of Housing, Spatial Planning 
and the Environment, 1994 

Schmidt, A.; B.H. Christensen; A.A. Jensen: Environmentally 
friendly stoves and ovens (in Danish with English summary). 
Environmental Project no. 338, Danish Environmental Protec¬ 
tion Agency, Denmark, Copenhagen 
Udo de Haes, H.A. (ed.).; M. Bovy; K. Chistiansen; G. Finnveden; 
R. Frischknecht; J. Giegrich; J.B. GuinEe; M. Hauschild; R. 
Heijungs; P. Hofstetter; A.A. Jensen; O. Jolliet; E. Lindeijer; 
R. Muller-Wenk; Ph, Nichols; J. Potting; H. Wenzel - 
Christensen; P. White: Discussion of general principles and 
guidelines for practical use. In: Towards a methodology for life- 
cycle impact assessment. Belgium, Brussels, SETAC-Europe, 1996 
Weidema, B.P. (ed.): Environmental assessment of products. A text¬ 
book on life cvcle assessment; 2nd edition. Sweden, Helsinki, 
UETP-EEE, 1993 

Wenzel, H.; M. Hauschild; L. Alting: Environmental assessment 
of products - methodology, tools Sc techniques, and case stud¬ 
ies in product development. Chapman and Hall, United King¬ 
dom, 1997 

White, P.; B. De S.met; H.A. Udo de Haes; R. Heijungs: LCA back 
on track, but is it one track or two? LCA news from SETAC- 
Europe, vol. 5 (1995), issue 3, pp. 2-5 


Int. J. LCA 2 (3) 1997 


177 



